We previously reported inferior outcomes for locally advanced head and neck cancer treated with cetuximab (C225) versus cisplatin (CDDP). We now examine if this difference persists when accounting for HPV status and update outcomes on the entire cohort.
I n the past 2 decades definitive chemoradiotherapy has become the standard of care for the treatment of locally advanced head and neck cancer (LAHNC). The VA Larynx and EORTC studies demonstrated that chemoradiotherapy improves organ preservation without sacrificing overall survival (OS) compared with upfront surgery. 1, 2 However, these studies were not designed to determine if chemotherapy was a necessary component of treatment. Subsequently, multiple phase III randomized trials demonstrated an OS advantage in the treatment of LAHNC for concurrent chemoradiotherapy versus radiotherapy alone. [3] [4] [5] A meta-analysis of the randomized evidence found a 6.5% absolute improvement in 5-year OS 6 with concurrent chemoradiotherapy compared with radiotherapy alone. This analysis identified cisplatin (CDDP) as the most effective single agent to be delivered concurrently with radiotherapy.
A drawback of concurrent chemoradiotherapy with CDDP is increased short-term morbidity and long-term sequale from treatment. The discovery of the targeted agent cetuximab (C225) seemed to offer a possibly less toxic replacement. C225 is a monoclonal antibody directed at the epidermal growth factor receptor, which is often overexpressed in LAHNC. Bonner et al 7 conducted a randomized trial comparing concurrent C225 and RT versus RT alone in LAHNC and found that C225 improved both loco-regional control (LRC) and OS. Analysis of quality of life scores between the 2 arms demonstrated no difference, suggesting C225 is very well tolerated. 8 An update to the study with 5-year results continues to demonstrate an improvement in OS, although LRC or disease-free survival (DFS) results were unavailable. 9 The study by Bonner and colleagues 7-9 was conceived and conducted before it was clear that concurrent treatment with chemotherapy was superior to radiotherapy alone. An earlier meta-analysis published 1 year after the initiation of the Bonner and colleague's study, concluded "the routine use of chemotherapy is debatable." 10 However, in the same time period as Bonner and colleague's study was published, other randomized trials clearly demonstrated the superiority of concurrent chemoradiotherapy over radiotherapy alone. Yet, many practitioners have started to replace CDDP with C225 without a direct head-to-head randomized comparison.
We previously published our center's experience with CDDP/RT and C225/RT in the treatment of LAHNC and found CDDP/RT was superior in terms of OS and LRC. 11 A major limitation of that work was the lack of highly prognostic HPV data, 12 and this may have confounded our results. Here we present our updated experience with these 2 agents, and further analyze a subset of patients in whom tissue was available for HPV analysis.
MATERIALS AND METHODS
A total of 221 consecutive patients with newly diagnosed squamous cell carcinoma of the oropharynx, larynx, or hypopharynx treated definitively with concurrent chemoradiotherapy between March 1, 2006 and April 1, 2008 at our center were retrospectively reviewed. Only patients who received concurrent CDDP or C225 were examined. Detailed patients exclusion criteria as well as the final patient characteristics on 174 patients have been previously published 11 Table 2 . Seventy-two percent of these patients had oropharyngeal primaries.
Patients who had <5-pack-year smoking history were considered nonsmokers. The CDDP and C225 groups were balanced except that CDDP patients were younger, had better renal function, and were more likely to be treated at a regional network site. Our institutional review board issued a waiver of informed consent for this study.
Pathology
HPV and p16 status could be determined in 61 and 59 cases, respectively. HPV was determined by in situ hybridization with a Ventana HPV family III probe. p16 status was determined by immunohistochemistry and was deemed positive when >50% of the tumor demonstrated diffuse cytoplasmic and nuclear staining. For the purposes of this study patients were considered HPV positive if either the in situ hybridization or p16 tests were positive.
Treatment
All patients were treated with intensity-modulated radiotherapy to 69.96 Gy at 2.12 Gy per fraction to the planning target volume, which encompassed the gross tumor volume. Details of radiotherapy fractionation and targeting were previously described. 11 CDDP was delivered at 100 mg/m 2 every 3 weeks with intent to deliver 3 cycles (50 mg/m 2 over 2 d was also permitted). C225 was delivered with a loading dose of 400 mg/m 2 m during the week before initiation of intensity-modulated radiotherapy (IMRT), and then for a maximum of 7 additional doses at 250 mg/m 2 during IMRT. Reasons for selecting C225 over CDDP were also previously described. 11 
Statistical Analysis
The Kaplan-Meier method, Cox Proportional hazards, and the competing-risks method were used to analyze outcomes. Loco-regional failure (LRF) was analyzed with death being regarded as a competing risk and defined as the date of loco-regional recurrence or documentation of persistence of disease. DFS was defined as any evidence of disease after treatment or death. For both of these outcomes, if a patient underwent a neck dissection within 6 months of chemoradiotherapy, this was not considered an event, but rather a part of the upfront management strategy. All outcomes began at the first day of radiotherapy. Multivariate models were constructed using variables with a P-value <0.1 on univariate analysis (UVA), with a stepwise forward selection procedure. Baseline 
RESULTS

Treatment Delivered
The compliance to IMRT was excellent, with only 5 patients not receiving the prescribed dose of radiotherapy. The median number of cycles of C225 delivered was 7 (range, 5 to 8). The median total dose of CDDP delivered was 200 mg/m 2 (range, 100 to 300 mg/m 2 ). Of the 62 patients in whom tissue was available, 39 received CDDP and 23 received C225. In the CDDP group 42% were HPV positive compared with 35% in the C225 group (P = 0.58). A total of 83% of the CDDP group and 74% of the C225 group were p16 positive (P = 0.62).
Outcomes in the Entire Cohort
The median follow-up in surviving patients for the entire cohort was 47 months. With extended follow-up, 11 the 3-year LRF rate was 5.7% versus 40.2% in favor of CDDP/RT (P < 0.0001) (Fig. 1A) . The 3-year DFS was 85.1% versus 35.4% in favor of CDDP (P < 0.0001) ( Fig. 1B) . Multivariate analysis continued to show improved DFS in the CDDP group (HR [hazard ratio] = 0.18; 95% CI [confidence interval], 0.10-0.32). We previously showed that subsite (oropharynx vs. hypopharynx/larynx) did not alter the results for either DFS or LRC. OS was also better in the CDDP patients, with 3-year rates of 90.0% versus 56.6% (P < 0.0001). Multivariate analysis continued to show a benefit in OS for CDDP versus C225 (HR = 0.20; 95% CI, 0.11-0.37). We previously performed a propensity score analysis for OS and DFS that showed similar results. 11
Outcomes in the Subset With Tissue Available
In the subset of patients with tissue available (n = 62), the median follow-up was 48.3 months. The 3-year rates of LRF were 8.4% versus 32% (P = 0.01) in favor of the CDDP/RT group. On UVA of all 62 patients, HPV-positive patients showed nonstatistically significant decreased LRF (HR = 0.46, 95% CI, 0.12-1.75) ( Fig. 2A ). Multivariate analysis for LRF was not performed in this subset due to a limited number of events.
The 3-year DFS was 86.8% and 43.2% in favor of CDDP (P = 0.002). Death occurred in 7 of 39 CDDP patients (2 of whom started on CDDP and switched to C225) and in 8 of 23 C225 patients. UVA in the subset with tissue showed HPVpositive patients had an improved DFS (HR = 0.30, 95% CI, 0.12-0.74) ( Fig. 2B ). Multivariate analysis continued to show improved DFS (HR = 0.28, 95% CI, 0.12-0.69) with CDDP ( Table 3 ). The 3-year OS between the 2 treatment groups was 86.7% and 76.9% (P = 0.09). UVA showed HPV-positive patients had an improved OS (HR = 0.25, 95% CI, 0.08-0.74).
Late Toxicity
For the entire cohort, late grade 3 or 4 toxicity developed in 16.8% of the CDDP/RT group compared with 21.7% in the C225/RT group (P = 0.46). Fifteen patients were feeding tubedependant 9 months after completing RT or died with a feeding tube in place, 8% in the CDDP versus 10.4% in the C225 group (P = 0.61). This is in accordance with our previously reported findings of no significant difference in toxicity between the 2 treatment arms. 11 
DISCUSSION
We previously reported data from our institution suggesting that CDDP/RT was superior to C225/RT for LRC, DFS, and OS 11 in locally advanced SCC of the head and neck. One major criticism of that work was the lack of HPV/p16 information, which may have inadvertently influenced outcomes. Here, we report updated follow-up on the entire cohort and focus on a third of patients for which tissue was available for HPV and p16 staining. Our data continue to suggest that the superior outcomes of patients treated with CDDP/RT, and that these results are unlikely to be solely attributable to known prognostic imbalances between the CDDP/RT and C225/RT groups.
Additional retrospective and prospective data from other institutions has recently emerged that suggests C225 may not be an adequate replacement for CDDP. The TREMPLIN study was a phase II randomized study comparing induction chemotherapy followed by concurrent chemoradiotherapy with either CDDP or C225 in patients with locally advanced SCC of the larynx or hypopharynx. 13 Of the 153 patients enrolled, 116 responders to induction chemotherapy were randomized to concurrent CDDP (n = 60) or concurrent C225 (n = 56). Those investigators found 12 (21%) patients in the C225 arm developed a local recurrence compared with 5 (8%) in the CDDP arm (P = 0.08). Ultimate local control after surgical salvage and other outcomes were similar between the 2 groups. However, the increased rate of local failure suggests less effective radiosensitization with C225.
Similar to our study, investigators from Washington University retrospectively examined their experience with concurrent CDDP (n = 33) versus C225 (n = 30) in LAHNSCCs. 14 Patients who either received induction chemotherapy or primary surgery were excluded. Patients in the 2 groups were well balanced for T stage, N stage, and HPV status. At a mean follow-up of 30 months, they found significantly worse DFS (79% vs. 27%, P < 0.001) and OS (72% vs. 25%, P < 0.001) in patients treated with concurrent C225.
We have also reviewed our experience with another regimen of concurrent chemoradiotherapy (carbo/5-FU, n = 52) compared with C225 or CDDP. 15 Patients in the carbo/5-FU or C225 groups had worse performance status, worse renal function, and higher T-stage. Four-year LRF was similar between carbo/5 FU and CDDP groups (9.7 vs. 6.3%, P = 0.42), however, was significantly worse for the C225 group (40.2%, P = 0.002). OS was also similar between the carbo/5-FU and CDDP groups, however, was significantly worse for the C225 group (HR = 4.01, P < 0.001).
To our knowledge, there is only a single retrospective study from the University of Alabama demonstrating similar outcomes between concurrent CDDP and C225. 16 This study differed from ours in that patients were treated with conventional radiotherapy instead of IMRT. More importantly, the Alabama study included patients treated with other agents in addition to CDDP, and hence was not a true comparison between CDDP and C225. Another study commissioned by Bristol-Meyers-Squib performed an indirect comparison of results from the Bonner study to 4 other studies evaluating CDDP, and concluded that outcomes between the 2 agents were similar. 17 However, indirect comparisons are controversial and require baseline hazard rate between studies to be similar. This assumption was unlikely to be met in this case given very different study populations and time eras for studies included.
Subgroup analysis from the Bonner study seemed to suggest that patients with an HPV-like phenotype may derive the most benefit from concurrent C225 (ie, those with an oropharynx primary, advanced neck disease, and smaller primary tumors). This prompted, RTOG 10-16, which is currently directly comparing of C225 + RT versus CDDP + RT, in HPVpositive patients, and should help definitively answer this question. Although it is accruing well, the final results will not be available for several years. Another randomized trial (ClinicalTrials.gov Identifier: NCT00820248) is comparing CDDP/RT to panitumumab (another monoclonal EGFR inhibitor) and RT. However, the latter arm is receiving treatment with accelerated fractionation, whereas the former is receiving conventional fractionation, making a direct comparison between EGFR inhibition and CDDP difficult.
As HPV-positive patients have an improved prognosis, 12 they would initially appear to be ideal to consider substituting C225 for CDDP. However, in the metastatic setting, evidence has recently emerged that EGFR inhibition may be less effective in HPV-positive patients than in HPV-negative patients. 18, 19 In the SPECTRUM study, panitumumab improved OS when added to chemotherapy in HPV-negative patients (11.8 vs. 8.6 mo), but not in HPV-positive patients (10.9 vs. 12.1 mo). 18 In BIBW 2992, HPV-negative patients had a higher response rate to EGFR inhibition (7/48, 14.5%) compared with HPV-positive patients (1/17, 5.8%). 19 Finally, the meta-analysis indicates that the benefit of concurrent chemotherapy is the largest in oropharyngeal patients (5-y difference in OS of 8.1%). 20 We did not have a large enough number of patients to compare the efficacy of C225 in HPVpositive versus HPV-negative patients.
We did not identify a significant difference in the rates of grade 3 or 4 toxicity between the 2 groups. One small retrospective study identified increased acute toxicity with C225 versus CDDP, although there was higher compliance with treatment with the C225 group. 21 In contrast to the Bonner study which found similar rates of toxicity between radiotherapy with or without C225, and a comparison of QOL between arms was similar. 16 Of note, on multivariate analysis in the subset with tissue we found primary site, instead of HPV status as significant for DFS. Both these clinical parameters are highly correlated, and we believe primary site happened to just have a slightly stronger association in our cohort by chance. Excluding primary site, from analysis, HPV status would have been significant on multivariate analysis.
In conclusion, with longer follow-up and the inclusion of HPV and p16 status for about one third of patients, our previous findings of improved outcomes with concurrent CDDP compared with concurrent C225 were upheld. We believe our results along with emerging data from other institutions highlight the need for caution at substituting C225 for CDDP in patients who are candidates for platinum. RTOG 10-16 is currently addressing this question, and until results are available we believe CDDP remains the preferred concurrent treatment.
